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DRP-5-02
August 1990

ED Dredging ResearchIE
Technical Notes

Interim Design Guidance For Nearshore Berm

Construction

Purpose

This note provides interim guidance for siting and designing fine to
medium sand nearshore berms constructed with dredged material. Available
empirical observations and preliminary analytical work are summarized.
Nearshore berms should be considered as engineered structures with predict-
able design lives and may require periodic maintenance to ensure function-
ing. Dredging Research Program (DRP) monitoring and modeling work units
will update this guidance as the data base and predictive techniques are im-
proved.

Background

The US Army Corps of Engineers has long been a proponent of the con-
structive use of clean dredged material. Such beneficial uses include creation
of bird habitats, aquatic habitats, and wetlands, and placement of beach fills.
In recent years, the concept of placing dredged material in shallow water in
the form of shore-parallel berms gained acceptance as a means of enhancing
the beach profile. Benefits of a berm to the nearshore zone include providing
material to the littoral system and reducing erosive wave action on the beach
landward of the berm. Dredging Research Technical Note DRP-5-01 (Mc-
Lellan 1990) summarized ten ongoing and completed nearshore berm projects.

This note contains (1) an introduction and overview of considerations
for the siting and design of nearshore berms, (2) simple quantitative tech-
niques for berm siting and design, and (3) two examples illustrating the tech-
niques, one for an East Coast situation and one for the West Coast.

Additional Information

Contact the authors, Mr. T. Neil McLellan, (601) 634-3006,
Dr. Nicholas C. Kraus, (601) 634-2018, or Ms. Cheryl E. Burke, (601) 634-4029,
or the DRP manager, Mr. E. Clark McNair, (601) 634-2070.

US Army Engineer Waterways Experiment Station
3909 Halls Ferry Road, Vicksburg, MS 39180-6199
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Note: The contents of this technical note are not to be used for adver-
tin•"-, p blication, or promotional purposes. Citation of trade names does
not constitu.te an official endorsement or approval of the use of such
products.

Nearsharu-:e Berm Concept

Nearshore berms are submerged, high-relief mounds constructed
parallel to shore and composed of clean, predominately beach-quality
dredged material. Specifically, the term "berm" refers to a linear feature that
resembles a longshore bar, while the term "mound" applies to any configura-
tion of artificially placed material.

Nearshore berms are generally divided into tw categories-feeder
bermns andstable berms. Feederbes , are co...nstcted of de a sand •
in relatively shallow water to enhance adjacent beaches and nearshlore areas
b•y mifigahng erosive wave action and by providcng additi nal material for

the littoral system. Stable berm s are intended to be permanent features con-
structed in deeper water outside the littoral environment. They may function
to attract fish as well as reduce wave energy incident to the coast.

Benefits to the beach are conveniently classified as either direct or in-
direct according to the type of material, berm elevation and length, wave
climate, and depth of berm placement. The direct benefit is widening of the
beach by onshore movement of material from the berm. Indirect benefits are
breaking of erosive waves, reduction of storm setup on the beach face, and
creation of an artificial storm bar that will reduce erosion by satisfying part of
the demand for sediment to be moved offshore during storms. Table 1 sum-
marizes benefits associated with the two types of berms.

Table I
Potential Benefits of Nearshore Berms

Indirect
Direct Attenuate Reduce Stockpile

Nourish Beach Waves Erosion Sand
Feeder berm Yes Yes Yes No
Stable bernm No Yes Yes /no

Feeder Berms

If a berm is placed in sufficiently shallow water and with sufficiently
high relief, the higher erosive waves accompanying storms will break on its
seaward slope and crest. Broken waves of reduced height then reform and
progress toward the shore to break again with less energy. This energy-
reducing mechanism provides an indirect benefit by reducing the erosion-a
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demand of storms for sediment to be moved to the offshore. Material
removed from the berm and transported shOreward during periods of accrc
tionary wave conditions supplements the beacprofilnae y rhornm, ,-, of
the littoral system. , contributn.,g to t ,otall volume of ninterfal available for

ASt sb beOm is in•.tended to be a relative.ly permanent bottom feah ire
that aft"e•n•uates h• igehe.r wav..e., and it may function as a fish habitat. Material
from the berm inot expected to be transported to the littoral system and
beach. Berms desigPned to be stable rnav be constructed of a wider range of
_materials and g-ain sizes than feeder berms. However, not all material will
mound adequately or have the required stability to function as a stable berm.
For some projects, material with low mounding potential has been intention-
ally spread over a large area using what is called thin-layer disposal (Nester
and Warren 1987). If a stable berm or mound consists of beach-quality sand,
it can be used as a stock pile for future beach nourishment projects.

Bermf Desin,

Several Steps m-ust be foll wed to determdne the potel•n a for suc ess-

ful bermn design and construc1tion These steps include evalluatino 1 un
hhry a-nd nu alitvr of Tma teriall to be dr& and (2) avail abili ty of suitfablei
equipment, (3) local wave conditions, and (4) economics of berm- construction
and alternatives.

Material quality and quantity evaluations concern dredged sediment
beach compatibility, mounding properties, and available volume. If the
placed sediment grain size is compatible (that is, similar or coarser grain size)
with beach samples, a feeder berm can be constructed. If the material is not
compatible with the native beach material but does have mounding potential,.
a stable berm can be considered; if the material is low-density fluid mud,
mound construction is unfeasible. Past projects indicate that at least 50 cu yd
per lin ft are required to build a long feeder berm of significant height (4 to 6
f'). Conical-shaped mounds placed in the nearshore focus wave energy be-
hind them and should be avoided. Berm length should be several times the
average local wavelength, and the berit shuld be orintLed ralle to
trend of tie shoreline to mininmize wave focusing. and depth limitations. of t
Arede, and maxdn rudze the 'x-ent of the shoreline, to be prot•c•e+.

Local wave conditions determine the depth of placement for sun-
plementing the supply of littoral material by feeder berms, as described
below. Material to be placed at the design depth and crest elevation will re-
quire suitable equipment, usually a split-hull hopper dredge. McLellan

(1990) lists shallow-draft hopper vessels currently available in the United
States. Recent projects have shown that these dredges are capable of con-
structing mounds of elevation above the loaded draft of the vessel. Table 2
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lists the maximum measured crest elevations below MLLW and loaded
drafts of hopper 'dredges from several projects.

Currently, there is no guidance to perfom I c Le economic
e-ne-t.CiLUJ± for nearshore bern Construc t o. n.he qu'-'iniv%;ALý,. L G L L "I. %_ZAA 0,, ; 4L1- 'L;1 C L • ,LAC L LA .LU ýIVI. 1,I-

savings occur if haul di.stlances- are reduced hr -nea rshotre placement as coirn-
pared to placement at previouss disposal sites. As quanhitative un-derstandingc
of nearshore and berm physical processes is advanced, design guidance will
be refined and a comprehensive economic benefit can be calculated to
develop a cost-benefit ratio.

When the evaluation procedure has been completed, berm design can
begin. The design process mainly entails determination of placement loca-
tion, timing of placement, and berm length, width, and crest elevation for a
given volume of material.

Table 2
Sand Berms Built to Near Hopper-Draft Depths*

Volume Feak Loaded Light
1000 Elev. Draft DraftLocation Year Co tractor** aredpeg- yd ftL ft ft

Gilgo Beach, NY 1987 NATCO Northerly is. 420 -7.5 15.5 5.0

Lido Beach, NY 1987 NATCO Northerly Is. 350 -8.0 15.5 5.0

Dam Neck, VA 1983 NATCO Padre & 850 -22.0 19.5 9.5
Sugar Is.

New river, NC 1979 Corps Currituck 400 -3.0 7.2 2.4

Sand Island,. AL 18. GCTC Atchafalaya & 14.0 5.0
Merimentau 464 -10.0 1440 50

Brazos/ 1989 NATCO Manhattan Is. 230 -20.0 19.5 9.5
Santiago, TX

Silver Strand, 1988 Manson Newport 100 -9.0 18.6 9.0
CA

SE. B. Hands, 1989, personal communication.

•* NATCO = North American Trailing Co.; GCTC = Gulf Coast Trailing Co.;
Corps = Wilmington District, Corps of Engineers; Manson = Manson Construction and
Engineering Co.

t Mean lower low water Ov1ILLVW).
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Location

Several factors must be considered in determining the site location in-
cluding haul distance, location and longshore extent of the area to be pro-
tected, and shoreline and bathymetry perturbations. For more on location,
refer to McLellan (1990).

Timing of Placement

The annual cycle of beach advance during the summer and recession
during winter (in the Northern Hemisphere) is well known. Onshore sand
transport tends to occur during periods of waves with low steepness during
summer (wave steepness is defined as wave height H divided by
wavelength L). Sand is moved offshore during periods of high steepness
waves, as occur during local winter storms, hurricanes, and extratropical
storms. Material placed in the nearshore in early or mid-summer will more
likely reach the beach than material placed just prior to storm season when it
will tend to be distributed in the offshore.

Numerous criteria have been proposed to predict whether a beach of a
certain grain size will tend to erode or accrete under waves of a certain height
and period. Here, discussion is limited to cross-shore transport, omitting con-
sideration of longshore sand transport and wave angle. Larson and Kraus
(1989) developed a criterion that incorporated deepwater wave steepness and
the sand fall speed parameter H0 /(wT), in which the subscript o denotes the
wave height in deep water, w is the sand fall speed in quiescent water, and T
is the wave period. Kraus (in preparation) further verified the criterion with
a data set of accretion and erosion events recorded on beaches around the
world and found the following simple approximation was consistent with the
original conclusions of Larson and Kraus:

Ho < 3.2, accretion
wT

(1)

Ho > 3.2, erosion
toT

If the fall speed parameter is less than 3.2, then a beach will tend to accrete; if
it is greater than 3.2, a beach will tend to erode. In Equation 1, the significant
deepwater wave height and peak spectral period should be used. Fall speeds
for common water temperatures and quartz grain diameters are given in
Table 3, calculated by equations given by Hallermeier (1981a). Examples of
the use of Equation 1 are given later.

Because Equation I was developed from data describing large accre-
tionary and erosional events, its application with all wave data should be
viewed with caution at present. It is emphasized that the criterion applies to
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beach change resulting from cross-shore sand transport without considera-
tion of longshore processes. Kraus (in preparation) describes .Mi.tation-sof

"Tabl 3
S hort Table of FPal Speed Val ues (,m/sec) (Quartz Grains)

Temperature Median Grain Size, mm

dg C 0.15 0.20. 0.25 0.30 0.35 0.40

10 0.016 0.023 0.029 0.035 0.042 0.048

15 0.017 0.024 0.030 0.037W .0 O 0.050

20 0.018 0.025 0.032 0.039 0.046 0.053

25 0.019 0.026 0.034 0.041 0.049 0.055

Depth of Berm

If the design calls for a feeder berm, it is opfimally placed as close to
shore as possible within constraints of safe navigation of the dredge. A berm
will break waves that have a height approximately equal to the water depth
at its crest. Placing the berm closer to shore, thereby decreasing the depth at
the berm crest, will increase its potential to break waves, better protect the
beach from erosive wave action, and promote movement of material forming
the berm into the littoral zone. A greater frequency of occurrence of wave
breaking on a berm implies a greater potential for material to move off the
berm and into the littoral environment. Conversely, if waves break infre-
quently on a berm and the berm is not exposed to strong currents, it will be
stable.

Acive beach pronle change is an indication of the seaward extent of
the littoral zone. This lminting depth is a function of the wave height, wave
period, and sediment size and composition, and it is most reliably deter-
mrnA by-...1nCnernnn to retni profil s.rve-13.4 -.n..,.l'.. nn ,IL r nap f4-lAS& ,.,% Uy rcicicft c e to jCL ,I .,eC ~vy~G LLLUiI lLV~J iL

site or a nei.ghb.. e that experience s .m the .... ...-NT -y ,- f- If ....n

profile data do not exist, an analytic method infrnodcedbhy T--RiloermPier
(1981b, 1983) can be used to estimate the linni'insg depth. Halermeier defined
an annual seaward limiting depth d.a of the littoral zone as

= 23, - 10.9 (-(2)Ho L

iii Wiuici PLO ais LCe signficatC IL LVjw at wa ve a ie-~ 6 llL CALCCLLCU. II ilerC

year, and LO = g7l (2•" i a.. Aaan"rmr . V.. Trl.. a, n.. calculatedw ith, ft
wave period associated with H0 , where g is the acceleration due to gravity.
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2.
In metric units, g/(2t) = 1.56 m/sec2; whereas in American customary units
g/(27) = 5.12 ft/sect In arriving at Equation 2, the original expression of Hal-
lermeier was modified by restricting consideration to quartz sand particles.
Birkemeier (1985) tested Equation 2 with high-quality data from the Coastal
Engineering Research Center's Field Research Facility at Duck, North
Carolina, and found tha aIit h eld ift the ,empir,- ca 1,ocm-e,.fficien t.s. w e re aeh dju•ul ste, d
slighly' for that ste to give d T /H- 1.75- 9.2 H-1 ) L thereby validating theArLt LY V iL ne t give " ['Isa Ai - - ,.I.. V'['II• •. . ..

a"sic functional depen•,I'denIe, of the equation.

Benn HeAigh, With.,, Lenth and Side Slopes

Th Loverall di~mensin n "' i h.atrcc f10hr
I4 V A" %JLL SO on ofI materiaP~ l

.. dPen on several factors including type and compaction of material, dredg-
ing and placement method, waves and currents during placement, and grain
size. See McLellan (1990) for additional information on mounding potential
of different sediments.

Once the proper depth and mounding potential have been deter-
mined, the crest elevation will be directly related to the loaded and unloaded
draft of the dredge (Table 2). Required loaded vessel drafts may be reduced
by light loading the dredge. This most likely will not increase the final crest
elevation, but will decrease the required depth for safe navigation.

The berm should be of sufficient length to avoid wave focusing by
refraction. This phenomenon depends on the depth change at the berm, and
wave height, period, and direction, and is presently under investigation. Ex-isting berms are as short as 2.5 times the average ....... a are no ex-are W Vtflt•±L•L±L aILLLt. :l LL i/-

hibting wave-focusingeffects. at only reportu problem occurred .uring
construction of a II a -'- a -Diuai, SouthL Arn ;.ca, in wmh,,cn dhe ends + ,ed tofocus wave energy. The co-nstrc"io p.lan was changed to have 1 V ('vrtical)

on 150 (hori--zntal) end slopes n ord-r, to reduce these refraction effects
(Z7wrambom, Fromnme, and Fitzpatrick 1970).

No explicit guidance yet exists for designing the berm crest width, but
it is generally true that a wider berm will break more waves. Zwamborn,
Fromme, and Fitzpatrick (1970) performed scale-model tests for four berm
crest widths (0, 30, 61 and 92 m) under the same wave heights and period.
Table 4 lists the percentages of erosive waves passing over the berm for the
four widths. The model tests indicated that increasing the crest width
decreased the percentage of erosive waves passing unbroken across the berm.
For the test conditions, an increase in crest width from 0 to 30 m provided an
approximately 50 percent increase in protection from erosive waves.

The side slope achievable in berm construction is mainly a factor of
grain size and sediment density, -'- com"action of m.ate--rial,- dredir

4LLU p.IdLCIILILL U~eLIL~JI. , a iitj LdICILL• ~A UJLLJ. 5 jJLU• LL CAt U t t LLL~
AnLL IJLLleformahon is v'fiable on the an,- ,o raoe offintal slope. At preI-'ULliteinomtini'a. on te bn-5 - repo

dredged materials plaed offshore. Several fine to medium sand berm.s-, have
been constructed with side slopes ranoig from I V on 100 H to I V on 16 H.
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A stable berm constructed off Mobile, Alabama, of fine sand, silt, and clay
dredged using a clamshell dredge and placed with a split-hull scow attained
slopes after construction of I V on 24 H to I V on 130 H (McLellan and ,m-
sand 1 n).saUL 7'0.7.

Table 4

Percentage of Erosive Waves or, a N. .a...or Mound*

Without
Mound With Mound

Crest width, m 0 30 61 92

Percentage of 30 10 5.5 3 2.5
erosive Ta,2es~**

* From Zwamborn, Fromme, and Fitzpatrick (1970).
** From laboratory data of wave heights scaled to the prototype range 2 to 16 m

and periods scaled to the range 7 to 25 se5; berm crest scaled 7.3 in below mean
sea level.

Example Calculation

Parallel calculations will be made for examples of two recently con-
structed feeder berms, one at Gilgo Beach (McLelian, Truitt, and Flax 1988), lo-
cated on the south shore of Long island, New York, and the other at Silver
Strand Beach, located on the coast of southern California (Junke, Mitchell,
and Piszrker 193)I.-Te sand used for the berm atig was .... d-redged 1 Ofro
Fire Island Inlet and-' that at .Silver OSrdf -.Tom the er--ance to0 San Diego Ha. - -ii A ILCD l UL-•'1•.L I £(L --

bor. Haul distan~ces to the prujcct sltc-O wo~ere considerably short.L 4f1lALnn L

traditional disp sal. areas, representing a costs svi•ngs to the ,•e-ed • a.nd
placement operation.

The Fire Island Inlet berm- was constructed in June 1987, and was ap-
proximately 7,500 ft long and 6 ft high. The 410,000 cu yd were placed along
the 16-ft contour. The Fire Island Inlet medium-size beach quality sand
(median diameter = 0.4 mm) was placed by the 16-ft-draft split-hull hopper
dredge Northerly Island. A linear berm volume of 56 cu yd/lin ft was
placed at the site with some depths reduced to as little as 7.5 ft below mean
sea level at the crest. By December 1987 a survey showed only 130,000 cu yd
of material remained, indicating that 68 percent of the placed material had
moved out of the area.

Tne Silver Strand berm was constructed intermittently over a one-
month period beginning 7 December 1988. The berm was designed to be1 ,21VV Lt'long and 60V• ft •dde _,n_ _..L ,_ ,_ ...... eeA~it-. pJ.t-1'r-
l,,uu 1iongaa Cl wide, and It was t,,•aceu VeLWCW• L,,C u.t -1u and
-30 ft on the 4LhVLW, contours- , l.ocat.edap-proxi•mal y0 0•Y A L1 ft Ao
shore. Depth att34 e t .r's app roA afely IT0 f~t. Thnees nnima4-ndi dnr

l L the DLes w ,ar... L A•,. V LQL .... L . ,,
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quantity placed on the berm was 91,000 cu yd, giving a linear berm volume of
76 cu yd/ft of shoreline. Preproject sampling indicated that the dredged
material, derived from littoral transport of beach sand and cliff erosion, had a
median grain size of 0.18 mm, while the native sand at the site had a median
grain size of 0.25nun. Periodic monitoring over 18 months after berm place-
ment has indicated deflation of the berm, movement of its center of mass
toward the shore, and progradation of the beach behind the berm exceeding
that on the neighboring beach segments not protected by the berm.

Long-term wave hindcasts available from the Wave Information Study
(WIS) will be used for both sites. Tables 5 and 6 give statistical summaries of
significant wave height H5 and peak spectral period from waves incident
from all possible directions for the 20-yr hindcasts (1956 to 1975). 'able 5 was
adapted from WIS Report 9 (Jensen 1983) and includes both sea and swell.
Table 6 was adapted from draft WAS Report 20 (tensen and others in prepara-
dion) a--l- includes NorL th. Pacnifc sa and swell, bu"not southern Pa,.ifrio
WISTQ tabl~es Contain wvifom ncrepdigt3-hintervralts
reu.lts in 58,440, ,for, a 20-yr po.riti, that includes five hean
years. Wave heights and periods in Tables 5 and 6 are representative of
height and period intervals given in the originai WIS reports, and the entries
in the tables are the number of events as a percentage multiplied times 100.
The subtotals do not equal 100 percent (for example, the right-hand column
in Table 5 sums to 91.7 percent) because calm events are omitted from these
tables. For Silver Strand, an approximate two-year wave record from a deep-
water buoy was available which had been analyzed by wave direction to pro-
vide data for longer period waves indident from the southern quadrant,
giving approximate statistics for the Southern Hemisphere swell; the record
resulted in average wave height of 0.73 m and 14.4-sec period, occurring
36 percent of the year.

Table 5
Percent Wave Occurrence, Gilgo State Park, New York (WIS Station 50)

Wave
Height* Wave period, 9Tc

m 1.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11+ Total
0.25 361 712 343 230 711 1,040 465 49 64 106 4,081
0.75 - 283 787 297 138 925 687 143 93 113 3,466
1.25 - - 63 264 119 251 178 51 77 53 1,056
1.75 - - - 11 78 134 82 16 29 25 375
2.25 - - - - 15 63 46 13 4 4 145
2.75 - - - - - 9 20 9 2 1 41
3.25 - - - - - - 2 5 1 - 8
3.75 - - - - - - - - 1 - 1
4.25 - - - - - - - - - - 0
5+ . . . . .. ..- - - - 0

Total 361 995 1,193 802 1,061 2,422 1,480 286 271 302 -

* Calculated at 10-m depth; 58,440 evenis; percent times 100.
Me= Hin = 0.6 -- ; Wnge1 st H= 4.2 m.
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Table 6
Percent Wave Occurrence, Silver Strand, California (" S Station 2)

Wave

Height* Wave Period, sec
in <4.4 5.2 7.0 8.8 10.0 11.0 12.5 14.4 16.8 20.2 22.3+ Total

0.25 138 86 239 342 87 34 6 4 - - - 966
"66 1 0743 8-A C Stn 1o4 111 3,223

1.25 5 102 675 300 333 673 630 121 7 - - 2,846

1.75 - 5 268 221 75 242 612 306 17 -- 1,746

2.25 - - 26 102 37 49 241 306 34 - 795

2., - -5 2 23 25 13 59 -40036- -2980
3.25 - - - 2 3 4 12 37 10 - - 68

3.75 . . . . . 1 3 12 6 - - 22

4.25 . ..- - 1 1 -- 2

Total 209 366 2,044 1,786 1,169 1,575 1,747 958 112 00 00 -

rý d...L -'22-- 581A40'- even" percent tim es 100~

Average Hs = 1.2 m; largest Hs = 4.1 m,

Seaward Limit of Littoral Zone

The seaward limit of the littoral zone is first calculated to estimate the
depth which would approximately separate successful placement of feeder
and stable berms. Of course, for feeder berm design, the shallower the berm
is placed the greater the likelihood for material reaching the beach.

Equation 2 requires an estimate of the average of the highest waves in
12 hr of a year, which translates to 80 3-hr events in 20 yr of WS' sunary
tables. The 12-3hr annual average highest wave occurs wilt a frequency of(80 /1 Wi4*l 0n -- e 14 pn-,.a.. flf , r TIofl•l ani A -.- te ,

""A8 - w.. -"I..A...A .L .. . ,'K1--_%.LA• AL ,A A --. %A toan averag wAave haeight trornnf fn t"his pe-rc•Mntag, the ,ll,,",,,f'r.un ca

mates are made: H = 3.0 m and T = 9 sec for Cilgo, and H = 4.5 m and
T = 13 sec for Silver Strand, at the respective hindcast denths of 10 m and
22 m. Shoaling these waves out to deep water and neglecting refraction gives
Ho = 3.4 m and Ho/Lo = 0.025 for Gilgo, and 4.7 m and 0.018 for Silver Strand.
Substitution of these quantities into Equation 2 yields:

dsa = 3.4*(2.3 - 10.9*0.025) = 6.9 m = 23 ft for Gilgo

dsa = 4.7*(2.3 - 10.9*0.018) = 9.9 m = 32 ft for Silver Strand

From the calculations of dsa it is seen that both berms were placed
"well inside their respective annual seaward limit of the littoral zone. Accord-
ingly, the berms are expected to function as true feeder berms, providing
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both the indirect benefits of wave attenuation and reduction of erosional

stress, as well as directly nourishing the beach.

Beach Nourishment Potential

To obtain a qualitative estimate of the beach nourishment potential of
the two berms under their respective wave environments, wave data in the
modified WIS summary Tables 5 and 6 were entered in Equation I to predict
erosional and accretionary conditions. For the two examples, the grain sizes
of 0.20 and 0.40 mm were used, yielding fall speeds or 0.025 and 0.053 m/sec
at a water temperature of 20 deg C. The results of the calculations are given
in Tables 7 and 8 for Gilgo and Silver Strand, respectively. In these tables, the
symbols (a, A) denote a predicted accretionary condition for the (0.20 mm,
0.40 mm) sand, and the symbol (-) denotes predicted erosion.

Table 7

Gilgo State Park, New York, Erosion/Accretion Frequency

Wave
Height Wave Period, sec

m 1.5 3.5 4.5 5.5 5.5 5.5 8.5 9.5 10.5 11+

0.25 -A aA aA aA aA aA aA aA aA aA

0.75 - -A -A -A -A -A -A aA aA

1.25 . . . . -A -A -A -A -A

1.75 - - -A -A

>2-25 Erosion

Note: Symbols (a, A) accretion condition for (0.20 mm, 0.40 mm) quartz sand;
symbol (-) denotes erosion.

Table 8
Silver Strand, California, Erosion/Accretion Frequengy

Wave
Height Wave Period, sec

In <4.4 5.2 7.0 8.8 10.0 11.0 12.5 14.4 16.8

0.25 aA aA aA a-A aA aA aA a-A aA

0.75 - -A -A -A aA aA aA aA a.A

1.25 - - - -A -A -A -A -A aA

1.75 ..- - -A -A -A -A

2.25 ....... -A -A

2.75 ........ -A
3.25 Erosion

Note: Symbols (a, A) accretion condition for (0.20 mm, 0.40 num) quartz sand;
symbol (-) denotes erosion.
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Interpreted in combination with the frequencies of wave occurrence,
Tables 7 and 8 provide estimates of frequency of erosion and accretion by
cross-shore wave processes. A number of obseritations on the behavior of
feeder benms and beach nourishment projects are obtained by this methodol-
ogy:

1. Acactdon is favored for lower wave heights and ' periods as
& nn4 4nru 4F__ ta..;t - Vn.t-~

AO V•I•--ALL LAULLL lLL . I _II UK LA.{ LUII L.

2. The longero priod waves existing or. the West Coast tend to
promote accretion for episodes of higher waves than is possible on
the East Coast. Because onshore movement of material in a feeder
berm is expected to occur more rapidly under higher waves, this
result indicates feeder berms of the same grain size at the same
depth will move onshore more rapidly on the West Coast than on
the East Coast.

3. For Gilgo Beach, approximately 40 percent of the waves are accre-
tionary for the 0.20-mam sand. In contrast, the 0.40-mm sand is
predicted to experience accretionary conditions more than 75 per-
cent of the time at Gilgo, a strong indication that the material will
move into the surf zone and on to the beach.

4. At Silver Strand, the 0.20-mm sand experiences accretion 32 per-
cent ofth-e time from the northemn hemisphere sea and s"ell and
'36- percent of he time by the southern hemisphere swell. Al-
though the northernLand southern. hemispheare wa.-v_!e, events sqre -not

scy additive, the relatively high probability for acretion indi-
cates the 0.20-m-m sand wi. ll move onshore. Table 8 also indicates
that a berm composed of 0.4-mm sand will have high probability
of moving onshore.

By employing any convenient wave breaking criterion involving
depth, the approximate frequency of occurrence of erosive waves breaking on
the berms can be calculated from knowledge of the berm crest depth.

The above analysis involved cross-shore transport effects. In the over-
all project design, characteristics of longshore sand transport at the site
should also be considered. For example, at Gilgo Beach there is a tendency
for strong net transport to the west, and a significant portion of the material
that moved from the berm is believed to have been transported to beaches
downcoast. in contrast, at Silver Strand, the net longshore transport is
belIeved to be weak, and most of the berm volume has remained on tRe pro-
file s. wh• r U it was placed. Itis particularly important to consider longshore
sand transport if the possibility exists Afor the material to enter anna-vigantion
channel or inlet.
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